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© Chlmaerlc CD4-lmmunoglobulin polypeptides. 



© The present invention relates to a cloned DNA comprising a combination of two pieces of DNA whereby one 
of said pieces Is coding for the first two domains or for parts thereof of the human CD4-molecule and the other 
is coding for aO domains except the first of the constant regions of the heavy chain of a mammalian 
immunoglobulin, to vectors containing such DNA, to prokaryotlc or eukaryotic host cells transformed with such 
vectors, to polypeptides encoded by such DNA, to a method for the production of such polypeptides, to 
pharmaceutical compositions containing such polypeptides and to the use of such polypeptides for the 
preparation of pharmaceutical compositions, especially such compositions for the treatment of AIDS. 
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Chlmaeric C04-lmmunoglobulln Polypeptides 



T5 



Soluble CD4 provides the optimai specificity for neutralization of the Human Immunodeficiency Vims 
(HIV) for several reasons. Firstly, the strength of the interaction between CD4 and the HIV-associated ilgand 
gp120 Is very high, viz. in the order of WM (Smith, D.H. et al., Science 238. 1704-1707, 1987; Lasky, L 
et al., Cell 50, 975-985, 1987), Secondly, the genetic variants of HIV which emerge frequently and may 
6 represent an "escape" mechanism from the immune surveillance (Watzmann and Gluckman, Immunol. 
Today 7, 291-296, [1986]) must retain their CD4 binding properties in order to maintain their infection cycle. 
Third Iy7 the immunity against the HIV-envelope protein gp120 acquired during the infection can have 
deleterious effects on the Immune system: free gp120, which Is shed from the virus (Schneider, J. et al., J. 
Gen. Virol. 87, 2533-2539, [1988D can be trapped specifically on CM-posftive cells. In this way these non- 
70 infected celTTcan become targets of various forms of anti-gp120 immune attacks (Lyerty, H.K. et al., PNAS 
USA 84, 4601-4605, [1987]; Weinhold, KJ. et al.* Lancet, 902*905, [1988]; Lanzavecchia, A. et aL, Nature 
334, 530-534, [1988]; Siliciano, R.F. et aL, Cell 54, 561-575 [1988]). The passive Immunity based on CD4 
specificity avoids mis bystander destruction because It can distinguish gpl20 molecules bound on the cell 
surface-associated CD4 receptor from those produced by virally infected cells. The preparation of soluble 
C04 molecules has been reported for example by Smith, D.H. et al- Science 238, 1704-1707, (1987); 
Fisher, RA. et al. Nature 331, 78-78, (1988); Hussey, R.E et al, Nature 32H, 78-81 (1988); Deen, K.C et aL, 
Nature 331. 82-84 (1988)"T?raunecker, A. et al. Nature 331^, 84-88 (1988) and by researchers from the 
ColumbiaTlniverslty (see WO 8001304). In addition, Traunecker et al. (Nature 331. 84-86, 1988) -dem- 
onstrated that the first two domains of CD4 when fused to the constant domain of a immunoglobuHn Bght 
20 chain were sufficient to inhibit HIV Infection in vitro. 

Combining such soluble CD4-mofecules with different Immunoglobulin heavy chain molecules leads to 
so called chlmaeric CD4-lmmunoglobufin polypeptides which could have the following advantages in 
addition to those already mentioned for frie soluble C04^mdeeules. The ImmunogtobuOn parts may-confer 
their great stability to the rest of the chimaerlc polypeptides, thereby possibly increasing their half-life in 
25 vivo, which is. e.g., for human IgG 23 days and for IgM 5 days (WaWman et aL in "Immunoglobulins" ed. 
by E. Merier, 1970, pp. 33-48. National Academy of Science. Washington, DO% In addition, the constant 
regions of both the -KlgG) and u(lgM) chains could fix complement making neutralization or killing of HIV 
viruses or virus producing cells much more efficient i&ee Yarchoun et al. in Scientific American, October 
1988). Increased haJf-Bfe in vivo has been shown for chlmaeric polypeptides consisting of the first two or all 
so four CD4-domains and ail three domains of the human IgQi heavy chain constant region by Capon, D J., et 
al. in Nature 337, 525-531 (1989). Binding of complement to these specific chlmaeric polypeptides, was not 
observed. However, binding of complement to the chlmaeric polypeptides of the present Invention could be 
shown [for details see Example 5 and Figure 5]. In addition these polypeptides bind to Fc-receptors 
[Example 6 and Rgure 5] and thereby could attract lymphocytes capable of mediating antibody dependent 
cell cytotoxicity (ADCC). Binding to Fc-receptora was also shown by Capon. DJ M et al. (see above) for their 
chlmaeric polypeptides. An these effects are an advantage of chimaertc CD4-lmmunoglobuiin heavy chain 
polypeptides over chlmaeric CD4*nmunoglobu8n fight chain polypeptides described by Traunecker et aL In 
Nature 331, 84-88 (1988) and in Immunology Today 10. 29-32 (1889) because such effects are attributed to 
the heavycham and not the Bght chain part of the chimaertc polypeptides. 
<o Furthermore, some of the polypeptides of the present Invention as defined below form defined 
oligomers containing several gp120 binding sites In one polymeric structure, thereby increasing the HIV- 
inhibitory effect In a HIV-dependent syncytium assay by a factor of 1000, as found for the chlmaeric CD* 
IgM heavy chain polypeptides when compared with, e.g. the chlmaeric polypeptide described by Traunec- 
ker et aL In Nature 331 , 84-88 (1988). . 4 

4s The presert interrelates among oth^ 

DNA wherein one of said pieces is coding for the first two domains or for parts thereof of the human CD4- 

molecuie and the other Is coding for aO domains except the first of the constart region of to 

a mammalian ImmunogtobuOn. Under parts of the first two domains of the human CD4-molecu!e the 

following possibilities arfc'understood: 

so (a) the complete first domain in combination with parts of the second domain, or 

(b) the complete second domain in combination with parts of the first domain, or 

(c) a combination of parts of either domain. 

A preferred embodiment of the present invention is a cloned DNA wherein one of said pieces Is coding 
for the first two domains of the human C04-molecule. o . ^ 

Another preferred embodiment is a cloned DNA wherein one of said pieces Is as characterized above 
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as 



and the other of said pieces of DNA is coding for all domains except the first of the constant region of the 
heavy chain of (a) a mammalian IgM, (b) a mammalian IgG, or (c) a mammalian kjA. 

Another preferred embodiment of the present invention Is a cloned DNA as defined above wherein the 
mammalian Immunoglobulin is mouse or human Immunoglobulin. 

9 Especially preferred embodiments of the present invention are cloned DNAs as defined above wherein 
the CD4 coding part is as above and the other of said pieces of DNA Is coding for all domains except the 
first of the constant region of the heavy chain of (a) mouse Ig yia or (b) mouse Ig u or (c) human Ig u or 
(d) human Ig -y1 or (e) human Ig yi or (f) human Ig a1 or (g) human Ig o2. 

The present invention relates further to vectors containing a DNA as defined above, preferably to shuttle 

10 vectors capable of replicating In prokaryotlc and eukaryotic host cells and more preferably to shuttle vectors 
capable of expressing the protein encoded by the Integrated DNA In appropriate host cells. 

Another object of the present Invention are prokaryotlc and eukaryotic host cells transformed with a 
vector as defined above as well as a method for the production of polypeptides encoded by the DNAs as 
defined above by culturing In a suitable medium such transformed host cells. 

, 5 Another embodiment of the present Invention are the polypeptides themself encoded by the DNAs as 
defined above. Such polypeptides are of chtmaerta nature comprising the first two domains of the human 
CD4-molecule or fragments thereof and all domains except the first of the constant region of the heavy 
chain of a mammalian immunoglobulin (kj). Preferred polypeptides are those which besides the Ig part 
comprise the first two domains of the human CD4-molecule. In an especially preferred embodiment the 

so CD4-part of these polypeptides comprises the amino acid sequence: 

KKVVLGKKGDTVBLTCTA8QKKSIQFHWKN 
SNQIKILONQSrLTKOPSKLNDRADSRRSL 

NDQONPPL'l IK HA K 1 BDSDTYXCEVEDQK-E 
BVQLLVFGLTAN8DTHLLQ~QQSLTLTLESP 
PQSBFSVG-CRSPRaKNIQaaKTLSVSQLEL 
QDSOTWTCTVL Q N QKKVBFKIDIVVL 

Other preferred polypeptides of the present invention are those encoded by the DNAs specifically 

"^Pha^aSrtcal compositions containing at least one of said polypeptides and a therapeutically 
« acceptable carrier material as well as their preparation are another embodiment of the present invention. 

Finally, the present invention relates also to the use of said polypeptides, vte. for the (wpanrton of 
pharmaceutical compositions and for the treatment of various diseases, especially for the treatonerrt of AIDS. 

Vm invention wflTbe better understood on the basis of the following detailed description when 
considered in connection wtth the accompanying drawir^. wlweto . 
40 Figure 1 shows the plasmkte pHT4-YK12. pCD4-Mu and pC04^2a Boxes reter to pieces of cDNA 
eauivferFto specific parts of exons (see Example 1] or axons themselves used for the construction erf the 

boxes refer to DNA coding for the leader region W and allfour (£3£ 
exSlar domain, of the human C04*nolecule. The black box refers to the exon coding for *e 
ZSofltebulb, . OghKhaln constant region (c). The dottd boxes referto £. ^J^S^Si 
46 fH> and the second and third domains of the mouse kjG*. constant regions (C2, C3) respectively. The 
^bo^Tto theexonacc^fortheseco^.thW^ - T^^^. 

^ZZL ro *™*K/ A K/ Arther abbreviations refer to: B ■ BamHI restriction site, R ■ Ecohi resmcuon ww, 

60 fora<» oar* * nmm m kur Drocnotor. xENH - to* enhancer, H#CENH ■ Ig heavy chain enhancer. 

the boxes represent the human IgQ and kjM regions "^^.S.^J"^^ * :J. 
Xs to a PsV«Srk*on stte and -Ha' to a Hart <*^f*™**™JZ^JS^ 

conditions of Immunopredpttated chimaerlc-porypeptides or natural Ig molecules from cell culture sup. 
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natents or as In the case of (1) of an immunopredpltated cell culture supernatant 

(1) X&Hh X83-0 myeloma cell line [identical with P3X63Ag8 cell line] secreting no Ig molecules 

(2) L3T4: soluble mouse CD4-molecule secreted by a cell line described by Traunecker et aJ. in 
Immunol, Today 10, 29-32, (1989). 

6 (3) HT4-YlTkB3-0 myeloma cell line transfected with pHT4-Y1 [Traunecker et aL, Nature 33^, 84-86 

(1988)] secreting a chimaerfc C04-mouse Ig flight chain polypeptide 

(4) B1.8/1gM,X: cell line [Beth, M. et al., Europ. J. Immunol 8, 393 (1978)] secreting a mouse IgM 

(5) CD4-Mu: X63-0 myeloma ceil One transfected with pCD4-Mu secreting the chlmaeric C04- 
Mu-polypeptkJe. 

to (6) UPC 1MgG2a,K: UPC 10 cell One [Utton Blonetics, Kensington, Maryland, USA] secreting tgG2a. 

(7) CD4*M<r2a: X83-0 myeloma cell Rne transfected with pCD4~M<y2a secreting the chlmaeric C04- 
M?2a polypeptide. Samples 1 to 3 were immunoprectpttated with rabbit anti-mouse K, samples 4 and 5 with 
rabbit anti-mouse IgM, samples 8 and 7 with proteln-A. Ail antibodies and protein A were Immobilized on 
Sepharose 46 (Pharmacia, Uppsala, Sweden). Western blot analysis was performed after 3 to 7% gradient 

75 PAQE(B) or 7% PAQE(C) run under non-reducing conditions. The results were visualized with a mixture of 
rabbit anti-mouse Igs (Nordic Labs, NL) in a first step followed by visualization with donkey 135 l-labelted 
anti-rabbit Ig (Amersham, Aylesbury, QB). Standard molecular weight markers are shown (kd) on the left 
(A). The background bands In (A) (1 to 5) of about 45 kd are due to rabbit IgG released from the Sepharose 
when the samples were prepared for electrophoresis. Coimmunoprecipitation under identical conditions as 

20 in (AHC) but In the presence of metaboflcally labelled gpl20 from a HIV I Infected H9 eel) culture 
supernatant followed by PAGE and fluorography is shown in (D). 

Figure 4 shows the degree of Inhibition of syncytium formation with respect to the following recom- 
binant proteins, whereby the concentrations of such proteins are given In a logarithmic scale on the X axis 
and the Y axis gives the numbers of syncytia scored in trlpBcate evaluations: 

28 ♦: CD4-MU - chimaerfc protein encoded by the DNA of the ptasmfd pC04-Mu. 

■: CD4-M72a - chlmaeric protein encode* by the DNA otthe.qlasmid pC04-M72a " 

CD4-M* - chlmaeric protein encoded by the DNA of the plasmid pHT4-YW2 
a: L3T4-M* « soluble mouse C04-mdecule as described by Traunecker et aL (Immunol. Today 10, 29-32, 
[1989D 

30 Rgure 5 (A.B) shows the results of an assay of the binding of CD4-Mu and CD4-M?2a to Ctq, the first 
compa^tlrfWcomplement cascade via the binding site of their heavy chain parts [Burton, D., Molecul. 
Immunol. 22, 181-206 (1985)] as determined accordHtglo Example 5. Mlcrotiter plates were coated with 
purified CD4-lgs and natural Igs as controls at concentrations of 10 ug/tal (A) and mgrtnl (B). The direct 
binding of l2S Mabelled ag Is given In counts per minute (ap.m). Lane a: CD4-M-jr2a; lane b: monoclonal 

n antibody OKT3, which Is a lgG2a, * (Ortho Diagnostics); lane c: CD4-MU; lane d: mouse IgM,* from TEPC 
183 (Utton Blonetics); lane e: CD4-M* [Traunecker et aU Nature 3SH. 84-88 (1988)]; lane t Bovine Serum 
Albumin. 

Rgure 5(C) shows the results of the binding of chlmaeric protein CD4-M?2a to Fc 7 receptors on the 
mousTnSoophage cell One J 774 A.1 (ATCC No. TIB 87). % of competition of 125 1 labelled CD4-M72a is 

40 given In dependency of cold competitor KO):CD4-Mr2a, (•): cold lgQ2a - monoclonal antibody OKT3] as 
determined accorcflng to Example 8. 

The present Invention relates also to a method for the production of polypeptides encoded by a DNA of 
the Invention which method comprises culturlng In a suitable medum a host cell transformed with a vector 
capable of expressing said polypeptide and Isolating said polypeptide. 

48 it is well known In the art that the cloned DNA of the invention can be obtained on the one hand in the 
form of a cONA starting from an appropriate mRNA preparation as described for example by Manlatis, T. et 
aL In "Mofecuiv Cloning" (1982), Cold Spring Harbour Laboratory, or more specifically for example by 
Maddon, Ji>. in Cefl 42 (1985), 93-104 for a cDNA encoding the human CD4-molecule. In the case that 
such a cONA encodeamore than the desired number of domains tar the practice of the present Invention 

so said cDNA-has to be cleaved on the basis of the knowledge of its sequence and at least the partial 
knowledge of the amino add sequence of the desired domains by rujclease treatment with which a man 

skilled In the art is famiBar* 

On the other hand such cloned DNA can be obtained In the term of genomic DNA Isolated from a 
genomic library by methods weO known In the art and described for example by Manlatis, T. et aL hi 
ss "Molecular Cloning- (see above). For example spedfte oBgonudeot^ probes could * PW"^.^.* 
least partial knowledge of the amino add sequence encoded by the spedfte genomic DNA (axons) to be 
Isolated or the at least partial knowledge of to nucleic add sequence. Such sequence w ^ ti< £^ 
obtained In prindple from any sequence data base, for example. Ike Qenbank Oncogenetics, California, 



4 



EP 0 394 827 A1 



USA). EMBL (Heidelberg. FRG), N8RF (Georgetown University. Medical Centre, Washington DC. USA) and 
Vecbase (University of Wisconsin. Biotechnology Centre. Madison. Wisconsin. USA) or more specifically tor 
example for Ihe human CD4-molecule from Maddon et al. (1985) in Cell 42, 93-104. for the mouse Ig u 
from Amhelm. N. et at. Cell 22, 179-185 (1980). for the mouse Igr2a from Roeder. W. el al.. PNAS 78. 474- 

s 478 (1981). for the human lgu from Rabbits, T.H. et al.. Nucleic Adds Res. 9. 4509-4524 (1981), for the 
human Ig-H from Blison, J.W. et al, Nucleic Acids Res 10, 4071-4079 (1982)."for the human Ig ?3 heavy 
chain gene from Huch. S. et al.. Nucleic Acids Res. 14. 1779-1789 (1988) and for the human Iga1 and kj<*2 
heavy chain gene from Ranagan. J.Q. et al.. Cell 38. 681-688 (1984). 

The genomic clones of the desired pieces of DNA can then be detected by the use of oligonucleotide 

to probes designed as described above under specific hybridization conditions known to and eligible by a man 
skilled In the art 

Cloned pieces of DNA coding for the different human CD4- and immunoglobulin heavy chain domains 
obtained as described above can then be handeted and Integrated Into suitable vectors according to 
methods well known in the art and described for example by Manlatls et al. In "Molecular cloning" (see 
rs above). It Is well understood and covered by the present Invention that the DNA pieces coding for the 
chfmaeric polypeptides may be of different origin, viz. party of cDNA and party of genomic origin. 

Suitable vectors for the practice of the present invention comprise vectors which are known in the art 
and generally used for the replication of Integrated DNA In prokaryotJc or eukaryotlc host cells, especially 
vectors which can be used for such purpose In both prokaryotJc and eukaryotlc host ceils, called shuttle 
X vectors and vectors for the expression of polypeptides In eukaryotlc host cells. Especially preferred are 
shuttle vectors which can be used for the expression of polypeptides In eukaryolic host cells llke._e.g.. 
oSV2 derived vectors [described, for example, by German. C. In "DNA Cloning". VoL B, ed. by Qtover. 
DM 1RL Press, Oxford. 19851 like pSV2-cat [ATCC No. 37 1551 pSV2-dhfr [ATCC No. 37148], pSV2-neo 
[ATCC No. 37149] or pSV2-gpt [ATCC No. 37145]. pSV2-gpt derived vectors, especially vectors Dke PHT4- 
ss Y1 pC04-M72a. pCD4-Mu. pCD4-Hu. pCD4-Hyl and pCD4-H^3 are preferred. Plasmids pCD4-M ir 2a and 
oc'D4-Mtt have been deposited under the- Budapest Treaty for patent purposes at trie Deutsche Semmlung 
von Miknxrganismen und Zeilkulturen GmbH (DSM) In Braunschweig. BRD. at the 28th of January 1989 
under accession numbers DSM 5173 and DSM 5174 respectively. ptesmWs pC04-Hu and P C04-»+r1 at the 
21st of April 1989 under accession numbers DSM 5315 and DSM 5314 respectively and plasmld pCD4-Hir3 
so at the 14th of September 1989 under accession number DSM 5523. ■ 

Prokaryotic or eukaryotlc host cells can then be transformed by such vectors. Suitable prokaryotlc host 
cells for such purpose are well-known to a person sWIfWln the art and Include bacteria, for «ampte. E. 
MH MpecialryTcon K12 strains, e.g. M15 (described as DZ 291 by Vlllarejo et al. In J. Bacterid. 120. 
466-474 [1974D and HB 101 [ATCC No. 33694]. 
M suitable eukaryotlc host cells also well known to skilled art persons Include ceils of vertebrate yeast or 
othJo^n wrmTyeloma cell noes Dke. e.g.. P3X83Ag8 [ATCC No. T1B9] arrf JS58 [ATCC No. TIB8]belng 
preferred In accordance with the specific host cell to be used m the practice of the present Inventton 
suitable promoter-elements like for example the Ig heavy chain promoter or the lg»-promotor <*eeExamp£ 
1) and if desired suitable enhancer elements like for example the kj heavy ^"^^J^** 9 ™ 
w chain enhancer (see Example 1) can be Integrated Into the plasm.es used for the transformation of such 

host cells by methods well known In the art . 

T^sformaflon of the host cells by vectors as described above may be carried out by any conventional 

procedure or by the specific procedures as described In the following Examples. 

thThost c^a Voteryote such as E coB for example, competent celb which arejeapabk^f 
<s DNA^Sce are prepared fmmaL harvested after exponential t™*^**?*^^^ 
acoordtogto the known CaQa-method. Transformation can also be performed after forming a protoplast of 

*" ^Z*H?£T* So^fonowlng mm. methods Dke caWump^ 
predXn^ D^xJ^eZ (see also C. Gorman ^ "DNA Cloning' Vol. J*™^ 
S procedures such as microinjection, insertion ^^^^^ v^v^H 
or in Boosomes. treatment of cells with agents such as rysorjr»spriad(tyteholn. use of virusj or 

Pre t±T cSc^bise^andcuJ^ ^X^cX^ pC^ 
examoie ceils which have been transformed by a vector carrying a "neo 9*™ codtoQ ,1^3^™ 
^^anW be cuttured in tr« presort 

Z be grown In^edffe media containing xanthine and mycoohenoBc acid (Gorman In 

"DNA Cloning", Vol II. see above). 
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Chimaeric polypeptides of the present invention produced by transformed cells as stated above can be 
recovered by any appropriate method known in protein and peptide chemistry such as, for example, 
precipitation with ammonium sulfate, dialysis, ultrafiltration, geffiitration or ion-exchange chromatography, 
gel electrophoresis, isoelectric focusing, affinity chromatography, like immunoaffinrty chromatography, HPLC 
s or the (ike. 

The chimaeric polypeptides of the present invention can be characterized for example by Western blot 
analysis (see Figure 3 and Example 2). a technique with which a man skilled in the art is familiar, or by their 
ability to inhibit syncytium formation in assays known in the art employing cell lines like for example: H9, 
MOLT-4 (ATCC No. CRL 1582). JURKAT, JM or CEM (ATCC No. CCL 119; Chaffee. S. et al.. J. Expt Med. 

io 168, 605-621 (1988)) [see also Popovic et al., Lancet (1984)fl, 1472; Nara, P.L, and Fischinger, P.J., Nature 
332, 469-470 (1988)] or as being specifically described in Example 4 in which M0LT-4-or CEM cell lines 
can substitute for the MT-2 cells. Any HJV-1 vims which has the ability to lead to syncytium formation such 
as for example: HTLV-IHB, obtainable from infected H9 cell lines (ATCC No. CRL 8543) by methods known 
in the ait, or for example as described by Popovic et ai. t Science 224, 497-499 (1984) or LAV (CNCM No. \- 

is 232) can be used in such assays. Another way of characterization of the polypeptides of the invention is by 
their ability to bind to the HIV surface protein gp120 in assays known in the art or as specifically described 
in Example 3 and visualized by fluorography according to standard techniques (Figure 3) or by their ability 
to bind to Clq, the first component of the complement cascade in assays known in the art or as specifically 
described In Example 5 and presented In Figure 5 (A und B). This figure dearly demonstrates that CD4- 

30 M?2a and CD4-Mu bind Qq as efficiently as natural antibodies, whereas the control construct C04-Mjt. 
containing a fight chain constant domain, does not show any specific binding. Chimaeric polypeptides. of the 
present invention can also be characterized by their ability to bind to Foreceptors present on 
monocytes/macrophages and neutrophils due to the Fc portion of their IgQ heavy chain part [Burton, 0., 
Molecul. Immunol. 22. 181-206 (1985)] in assays known In the art or as specifically described in Example 8 

25 and presented In Figure 5 (C). This figure dearly shows that CD4~M 7 2a binds to Fc receptors on J774A.1 
cells to the same extent and in indistingtrfshable affinity js mguse lgG2& Binding of chimaeric hum$p_C04- 
H 7 polypeptides to Fc receptors can be demonstrated for example with the human monocyte / macrophage 
ceil line U937 (ATCC No. CRL 1593) according to the method as given in Example 6. Furthermore such 
chimaeric polypeptides can be characterized for example by an assay described by Pauwels et al. [J. Virol. 

30 Methods 18, 171-185 (1987)] or their ability to inhibit transmission of the virus by cell to cell contact 

In accordance with the present invention the novel chimaeric proteins may be used in the treatment of 
various diseases, especially in the treatment of AI05T They may be administered In pharmaceutically 
acceptable forms, especially in an injectable form. Dosage and dose rates may parallel that currently being 
used in clinical applications of other known polypeptides of comparable structure and/or function. Phar- 

35 maceutical compositions may contain at least one chimaeric polypeptide of the present invention in 
association with pharmaceutically acceptable soBd or liquid carrier materials. Any conventionally used 
carrier material can be utilized. Furthermore, the pharmaceutical compositions may contain other phar- 
maceutically active agents and be prepared by methods known In the art 

Having now generally described the invention, the same will become better understood by reference to 

40 the specific examples which are included herein for purpose of illustration only and are not intended to be 
limiting unless otherwise specified. 

Example 1 

48 



60 



Construction of Ptesmids 



Plasmid constructions were carried out using standard methodology as described by Manlatis et aL, 
Molecular Cloning: A Laboratory Manual. Cold spring Harbor Laboratory. N»* York (1982), 

The starting plasmid for all constructions Is designated pHT4-Y1 and can be prepared as previously 
described by Traunecker. LOke and Karjalainen In Nature 331. 84 " 88 < 1 ™» 33 
66 selection markers the ampWIfin resistance gene and the gpt gene (Muffigan and Berg. 1980. Science 209. 
1422). encodes in addition a hybrid protein composed of the whole extracellular portion of the human C04 
receptor fused to the mouse immunoglobulin kappa light-chain constant region. 

Vector pHT4-Y1 was modified by replacing the mouse tg heavy chain promoter by the more efficient 
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30 



mouse Ig kappa promoter derived from the vector pKm 1 (Traunecker et aL, 1988, Eur. J. Immunol. 18. 
851-854). The kappa promoter was first subcloned as a Bglll/Sail fragment Into the vector pUC18 digested 
with BamHI and Sail, recovered as a 22 kb Hindlll (3 recessive ends filled with the help of the Klenow 
fragment of E coll DMA polymerase, called hereafter blunt) / EcoRI fragment and subsequently inserted 

s into Xbal (blunt) / EcoRJ digested pHT4-Y1 to generate plasmid pHT4-YK12 (see Rg. 1). 

This plasmid was then digested with BamHI. to remove the exons 3 and 4 of the CD4 gene and the 
exon encoding the mouse Ig kappa light chain constant region, the 3 recessive ends were filled with 
Klenow polymerase and dephosphorylated with calf Intestine alkaline phosphatase to facilitate the Insertion 
of the following gene fragments (blunt ended before ligation): 

to - a 3 5 kb Sstl/Xba! DNA fragment containing the constant region exons C2. C3 and C4 of the mouse Ig u 
heavy chain gene [Amheim N. et a!.. Cell 2Z 179-185 (1980)] resulting In the preliminary plasmid pCD4- 
Mu: 

• a 3 0 kb Stul DNA fragment containing the Hinge and the C2 and C3 constant region exons of the mouse 
Ig 7 2a heavy chain gene [Reader. W. et aL. PNA8 78. 474-479 (1981)] resulting In the preliminary plasmid 
15 dCD4 - M - v2h\ 

- a Haell DNA fragment (made blunt wtth T4 DNA polymerase) containing the Hinge and the C2 and C3 
constant region exons of the human to/,1 heavy chain gene [EHIson, J.W. et aL, Nucleic Adds Res. 10. 
4071-4079 (1982)] resulting in the preliminary plasmid pCD4-Hy1*. 

- a DNA fragment containing the constant region exons C2, C3 and C4 of the human Ig u heavy chain gene 
[Rabbits. T.H. et aL. Nudek: Acids Res. 9. 450*4524 (1981)]. This DNA fragment was constructed as 
follows: first, the Haell fragment of the human Ig 7 1 heavy chain gene was made blunt ended as described 
and inserted into a blunt ended Sail site of pUC19 In an orientation positioning the Hinge exon towards the 
BamHI site. This Intermediate construct was then digested wtth PsO to remove the 3 7 1 exons except for 
the splice acceptor site of the Hinge exon flanking the Pstl site In the gene (the second Pstl site Is In the 
PUC19 poly linker), followed by the Insertion of the Pstl fragment of the human it gene containing exons C2, 
C3 and C4 (Rabbits et al.. see above). Thts final gene construe! was then recovered by BamHraiid_Hindlll 
digestion (both sites in the pUC19 potyllnker). followed by Klenow treatment and Insertion Into vector pHT4- 
YK12 as described above resulting In the preliminary plasmid pCD4-Hu*. 

The preliminary plasmlds (pCD4-Mtt'. pCD4-M 7 2a'. pCD4-H 7 n were completed by Insert ng a Xhol- 

» Sail fragment which contains the murine u heavy chain gene enhancer Into the unique Sail site 5 to me 
promoter (see Figures 1 and 2) and the preliminary ptosmid pCO+Hu- was completed by 
murine u "core" enhancer as a Smal-Pvull fragmentTnto the blunt-ended Sail ste 5 to Je promoter 
(Figure 2). resulting in the final plasmlds pCD4-NUi. pCD4-M^2a. pCD44^1 and pCD4-Hu. Originally the 
eSfragmeS'xba^EcoR. described by Gillies et a!. (CeJ ^717-728. 1983) w* ns^.Ja an 

m EcoRWnker on Xbal. into the EcoRI site of a Bluescrlpt vector (Stnrtagene.UJolla. USAJlnan orientetton 
positioning the Xbal(EcoRI) site next to the EcoRV site. Into the unique Sstl »^j^vecta ^an, acteptor 
was inserted which contained a Xhol stte. Finally, the enhancer fragment was recovered wrth Xhol-Sall for 
constructs pCD4-Mu, pCD4-M^2a and pC^rM or with Smal-Pvull for ~nstnjc^r^Hu 
For ^Wructool pCD+H^ plasmid PHT4-YK12 (see Rg. 1) ^« digested wrth B ^ H 

40 the exons 3 and 4 of the CD4 gene and the exon encoding the mouse »8 >«PP« ^"^. fE 
a^Xnospho«y1atod ^ cartWtine alkaline phosphatase to facilitate the Insertion of a 6* kb Bglll DNA 
^rntmcSdng the hinge and the C2 and C3 constant region excru of the human lgr3 ******* 
S^vTrtaL. NudeTc Acids Res. 14. 1779-1789 (1988)1 resulting In the preliminary plasmid pCD4- 
H^.^oSfllary plasmid pCD4-H T rwas completed by Inserting the murine u cae' enhancer as 

48 described above for plasmid pCD4-Hu. 

Example 2 
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c^^i^n rrf tha C04-MU and C04-M72a encoding genes 



8s Maintenance of animal 

cloned cells were carried out using, standard methoclotogy " dff^by Freshney. RJ- In Culture 
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with the plasmids pCD4-Mu or pCD4-M 7 2a by protoplast fusion as described by Oi et al. (Proc. Nat!. Acad. 
Sd. USA 80. 825-829, 1883). Transfectants were selected by Including Into the basic medium (Dulbecco's 
modified Eagle's medium. 10% fetal calf serum (FCS). 5 x lO^M 2-mercaptoethanol) 5 ug/ml 
mycophenolic acid and 250 ug/mf xanthine (Traunecker et al., Eur. J. Immunol. 16. 851-854 [1988D- 

s Transfedion frequencies were In the range of 10~* to 10 -4 . 

Immunoprecipitations of the secreted proteins CD4-Mu and C04-M72a with the appropriate antibodies 
or with protein A followed by Western blot analysis (Towbin et al„ Proc Natl. Acad. Sd. USA 78, 4350-4353 
[1979J showed that these proteins had the expected apparent molecular weights (Rg. 3A). The same gel 
electrophoresis analysis (according to U.K. Laemmfl, Nature 27, 680-685 [1970D under non-redudng 

to conditions (by omitting 2-mercaptoethanol) revealed that C04-Mu was secreted as an oligomer, most likely 
as a pentamer, whilst CD4»M<y2a apparently formed dlmers which bound to protein A (Fig. 3, B and C). 



Example 3 

15 



gp120»Bindlng Assay 

20 

2 x 10 7 HTLV-IIIB-infected H9 cells (ATCC No. CRL 8543: Popovte et al M Science 224. 487-48? [19841: 
Gallo ^ al„ Sdence 224, 500-502 [1884]) were washed In labelling medium (cysteine-free RPMH840 
medium supplemented"*!* 10% fetal calf serum (FCS)), Incubated for 30. min. at 37* C in 10 ml of 
labelling medium and then transferred to 4 ml of fresh labetftng medium. After the addition of 2J5 mQ of 

26 ^S-cysteine (Amersham, UK) the incubation was continued with gentle agitation of the cells. After 4 hours 
the cells were transferred to fresh RPMMB40 .median containing 10% FCS and incubated far anothe r 14 
hours. The cells were sedlmented and the celMree culture fkSds of both Incubation periods were mixed and 
cleared of virus by centrtfugatlon at 150 000 x g at 4*C for 1 hour. 50 ul of the combined culture fluids of 
the labelled cells were added to 8 ml of culture fluid of the myeloma cells producing CD4-Mu or C04-M72a 

30 and 50 ul of Sepharose-bound rat-monoctonal antibodies to either mouse IgM heavy chain or mouse kappa 
chain or 50 ul protein A-Sepharose {Pharmacia Uppsala, Sweden). Then the mixture was rolled overhead at 
4* C for 15 hours. Thereafter the Sepharose beads vfWfc sedlmented and washed in high salt and low salt 
washing buffer as described by Schneider et al in Virology 132, 1-11, 1884. After the last washing the 
Sepharose pellets were boiled In 100 ul sample buffer. The samples were then analysed by polyacrylamide 

39 gel electrophoresis followed by fluorography to detect radiolabeled gpl20 that was bound to CD4-Mu or 
CD4-IVH2a (Rg. 3.D lanes 3,5,7). 
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Example 4 



Syncytium Assay 



To assay the biological activity of the various cWmaeric molecules a HtV-dependent syncytium assay, 
which is based on the previously reported fuslgenic virus-infected cells expressing the HIV envelope gene 
products and uninfected adjacent cells bearing C04 molecules [SodrosW et aL, Nature 3». 470474. 
(1986)1 was used A protitratBd amount of HJV-1 virus was incubated at room temperature with serially 
diluted recombinant proteins for 30 min. in 100ul RPMH640 medium. Thereafter 25 tf*^*^"??- 
transferred in triplicate Into the wells of a 96-wefl microliter plate, which already contained 25.000 MT-2 
cells [Myoshi. L et al., Nature 294, 770-771 (1981)] In 50 Ul medium Pe^^^^^J^ 
100 ul of fresh medium was ad^ and tw^ 

formation (Ifco) was obtained with C04-MU at a concentration of 10 ng/ta! which was about lOOWold less 
than the Ifco (1 0 ugAnl) of CD44Ay2a and CD4-M*. The murine soluble UT* receptor rTraunedw. A et 
al. immunology Today 10, 2M2 (1889)] was Inactive. Complete Inhibition of syncytium formation was 
obtained with C04-Mu at a concentration of 1-2 ugAnl (see Rgure 4). 
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Examples 



Binding to Clq 

Mlcrotitration plates were coated with purified CD4-M 7 2a or CD4-Mu polypeptides in saline at 
concentrations of 10 ug/ml (Rg.5,A) and 1 ugAnl (F1g.5,B) or as a control wtth mouse igG2a or IgM at 
Identical concentrations- After overnight incubation, the plates were blocked wtth 1% BSA in PBS 
(phosphate buffered saline) and then incubated for 6 hours at room temperature wtth 50.000 cpm <~2ng) 
139 labelled human Clq (Calbiochem, USA). [Radiolabelling of Clq was performed with the todogen method 
according to the recommendations of the manufacturer (Pierce, USA)]. After Incubation the wells were 
washed and the bound radioactivity was determined. Results see Figure 5. 

Examples 



Binding of CD4-M 2a to FoReceptors 

A competition binding assay with For receptors on murine cell line J774A1 (ATCC No. T1B87) was 
28 used to characterize the Foreceptor binding of CD4-M72a. Therefore, 2 x 10* cells were Incubated with 
200 ng of ^(-labelled CD4-M<y2a (radiolafefflng was performed as described in Example 5) and-inqeasing 
concentrations of cold competitor CD4-M-y2a or cold competitor mouse lgG2a, in 100 ul medium sup- 
plemented with 5% fetal calf serum (FCS) for 1 h at 40 # C. After the incubation ceils were centrifuged 
through a 200 ul FCS cushion, and the radioactivity In the pellets was measured. The radioactivity obtained 
so after adding a 500-fold excess of unlabeled lgQ2a was taken as nonspecific binding. Specific binding was 
then obtained by subtracting nonspecific binding valuesjrom the experimental values. 

Claims 

38 

1 A cloned DMA comprising a combination of two piece* of DNA whereby one of said pieces Is coding 
for the first two domains or for parts thereof of the human C04-molecule and the other Is coding for all 
domains except the first of the constant regions of the heavy chain of a mammalian Immunoglobulin. 

2. The DNA of claim 1 wherein one of said pieces of DNA Is coding for the first two domains of the 

40 hl ^TheDNA^daim 1 or 2 wherein said other piece of DNA Is coding for all domains except the first of 
the constant region of the heavy chain of a mammafian IgM. 

4. The DNA of claim 1 or 2 wherein said other piece of DNA Is coding for all domains except the first of 
the constant region of the heavy chain of a mammalian IgG. 
« 5. The DNA of claim 1 or 2 wherein said other piece of DNA is coding for all domains except the first of 
the constant region of the heavy chain of a mammalian IgA. 

6. The DNA of any one of datma 1 to 5 whereto the mammalian Immunoglobulin Is mouse or human 

so of the constant region of the heavy chain of a mouse Ig-r2a. . fl . 

aTheDf*dc^l.2c*4 
of the constant region of the heavy chain of a human lp/71 or IgrJ. 

9 A vector containing a DNA according to any one of claims 1-8. , _ . 

10 A^cTacWng to claim 9 which la a shuttie vector capable of replication in. prokaryotic and 

ss eukaryofic host cs08. ^_ 

1 1 . A vector as claimed In claim 9 or 1 0 which Is an expression vector. flfn 
IZApXyclfcoreukaryolfcr^ 

11. 
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13. A polypeptide encoded by a DNA as claimed In any one of claims 14. 

14. The polypeptide of claim 13 as a therapeutically active agent 

15. The polypeptide of claim 13 as a therapeutically active agent against AIDS. 

16. A method for the production of a polypeptide of any one of claims 13 b 15 which method 
5 comprises cutturing in a suitable medium a transformed host ceil as claimed in claim 12 and Isolating said 

polypeptide. 

17. A pharmaceutical composition containing at least one polypeptide as claimed in claim 13 and a 
therapeutically acceptable carrier material 

18. The use of a polypeptide as claimed In any one of claims 13 to 15 for the preparation of a 
to pharmaceutical composition. 

19. The use of a polypeptide as claimed in any one of claims 13 to 15 for the preparation of a 
pharmaceutical composition for the treatment of AIDS. 

20. The polypeptide of claim 13 whenever prepared according to the method of claim 13. 

rs Claims for the following Contracting States: GR, ES 

I. A process for the production of a polypeptide encoded by a DNA comprising a combination of two 
pieces of DNA whereby one of said pieces is coding for the first two domains or for parts thereof of the 
human CD4-moIecule and the other is coding for all domains except the first of the constant regions of the 

20 heavy chain of a mammafian Immunoglobulin which process comprises culturlng in a suitable medium a 
host cell transformed with a vector capable of expressing said polypeptide and Isolating said polypeptide. 

2- A process according to claim 1 wherein one of said pieces of DNA Is coding for the first two domains 
of the human CD4-molecule. 

3. A process according to claim 1 or 2 wherein said other piece of DNA is coding for ail domains 
» except the first of the constant region of the heavy chain of a mammaOan IgM. 

4. A process according to claim 1*'or 2 wherein said, other piece of DNA is coding for'aMpmains 
except the first of the constant region of the heavy chain of a mammafian IgG. 

5. A process according to claim 1 or 2 wherein said other piece of DNA Is coding for ail domains 
except the first of the constant region of the heavy chain of a mammaHan IgA. 

oo 8. A process according to any one of daims 1 to 5 wherein the mammalian immunoglobulin is mouse 
or human immunoglobulin. 

7. A process according to claim 1, 2 or 4 wherefrTsaid other piece of DNA is coding for all domains 
except the first of the constant region of the heavy chain of a mouse I?r2a. 

a A process according to claim 1, 2 or 4 wherein said other piece of DNA is coding for ail domains 
38 except the first of the constant region of the heavy chain of a human Hfrl or (qt3. 

9. A process according to any one of claims 1-8 wherein the host ceil is an eukaryotic ceil. 

10. A process according to claim 9 wherein the host cell Is a cell from a myeloma ceil line. 

II. A process according to claim 10 wherein the myeloma ceil Bne Is P3XB3Ag8 or J558. 
12. A process according to any one of claims 9*11 wherein the vector Is a shuttle vector. 

40 13. A process according to claim 10 or 11 wherein the shuttle vector Is a pSV2 derived vector. 

14. A process accorxflng to claim 13 wherein the pSV2 derived vector is pCD4-M72a, pCD4-M T , pCD4- 
Hy. PCD4-H7I or pCD4-Ht3. 

15. A process for the preparation of a pharmaceutical composition which process comprises mbdng a 
polypeptide obtained according to a process as claimed in any one of claims 1-14 and. If desired, one or 

m mora other therapeutically active substances with a therapeutically inert carrier material and bringing the 
mixture into a galenical administration form. 

18. A pharmaceutical composition containing a polypeptide obtained according to a process as claimed 
In any one of daims 1-14 and, if desired, one or more other therapeutically active substances and a 
therapeuticafly inert carrier material 
so 17. The use of a polypeptide obtained according to a process as claimed in any one of claims 1-14 for 
the manufacture of a pharmaceutical composition. 

1a The use of a polypeptide obtained according to a process as claimed In any one of claims 1-14 for 
the manufacture of a pharmaceutical composition for the treatment of AIDS. 
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